Context. The FU Orionis candidate V733 Cep was discovered by Roger Persson in 2004. The star is located in the dark cloud L1216 close to the Cepheus OB3 association. Because only a small number of FU Orionis stars have been detected to date, photometric and spectral studies of V733 Cep are of great interest. Aims. The studies of the photometrical variability of PMS stars are very important to the understanding of stellar evolution. The main purpose of our study is to construct a long-time light curve of V733 Cep. On the basis of BVRI monitoring we also study the photometric behavior of the star. Methods. We gather data from CCD photometry and archival photographic plates. The photometric BVRI data (Johnson-Cousins system) that we present were collected from June 2008 to October 2009. To facilitate transformation from instrumental measurements to the standard system, fifteen comparison stars in the field of V733 Cep were calibrated in BVRI bands. To construct a historical light curve of V733 Cep, a search for archival photographic observations in the Wide-Field Plate Database was performed. As a result, 192 photographic plates containing the field of V733 Cep were found. Some plates were analyzed at our request to estimate the magnitude of V733 Cep. 
Introduction
During the Pre-Main Sequence (PMS) stage of evolution, young stellar objects exhibit different types of photometric variability (Herbst et al. 1994) . One of the most dramatic of these events, with very high amplitude variations, is the FU Orionis (FUor) outburst (Ambartsumian 1971) . The flare-up of FU Orionis itself was documented by Wachmann (1939) and for several decades it was the only known object of that type. Herbig (1977) defined FUors as a class of young variables after the discovery of two new FUor objects, V1057 Cyg and V1515 Cyg. The main characteristics of FUors are an increase in optical brightness of about 4-5 mag, a F-G supergiant spectrum with broad blueshifted Balmer lines, strong infrared excess, connection with reflection nebulae, and location in star-forming regions (Reipurth 1990 , Bell et al. 1995 , Clarke et al. 2005 . Typical spectroscopic properties of FUors include a gradual change in the spectrum from earlier to later spectral type from the blue to the infrared, a strong Li I 6707 line, P Cygni profiles of Hα and Na I 5890/5896 lines, and the presence of CO bands in the near infrared spectra (Herbig 1977 , Bastian & Mundt 1985 . The prototypes of FUors seem to be low-mass PMS objects (T Tauri stars) with massive circumstellar disks.
According to a commonly accepted view, the FUor outburst is produced by a sizable increase in accretion from a circumSend offprint requests to: E. Semkov (esemkov@astro.bas.bg) stellar disk on the stellar surface (Hartmann & Kenyon 1985) . The cause of this increase in accretion from ∼10 −7 M ⊙ /yr to ∼10 −4 M ⊙ /yr appears to be thermal or gravitational instability in the circumstellar disk. This accretion disk model can account for most of the main properties of FUors. An alternative explanation of the FUor phenomenon is the rapid-rotator hypothesis (Herbig at al. 2003) .
Among all objects associated with the group of FUors, only three (FU Ori, V1057 Cyg, and V1515 Cyg) have detailed photometric observations taken during the outburst and during the fading period (Clarke et al. 2005) . For a few objects, V1735 Cyg (Elias 1978 , Peneva et al. 2009 ), V346 Nor (Graham & Frogel 1985) , and V733 Cep (Reipurth et al. 2007) , the presence of an optical outburst is also documented and they are labeled classical FUors. Two new suspected FUor objects with observed outbursts at optical wavelengths are reported: V582 Aurigae (Samus 2009 , Munari et al. 2009 ) and the object CSS091110, coincident with the infrared source IRAS 06068-0641 (Wils et al. 2009 ). About a dozen objects have spectroscopic properties similar to the classical FUors, but there is no evidence of an outburst at optical wavelengths. These objects are termed FUor-like (Reipurth et al. 2002 , Greene et al. 2008 and only partial photometric observations have been published for them.
The PMS star V733 Cep (Persson's star) is located in the dark cloud L1216 close to Cepheus OB3 association. The variability of V733 Cep was discovered by Swedish amateur as-tronomer Roger Persson in 2004 (Persson 2004 Persson (2004) , Reipurth et al. (2007) concluded that the star had faded by 1. m 6 (R) over a time period of about 13 yr (from 1991 to 2004) . The authors propose that an outburst occurred in the period 1953-1984 and identify great spectral similarities to FU Ori itself.
In our first paper (Semkov & Peneva 2008 ; hereafter SP08), data from photometric monitoring of V733 Cep in the period February 2007 -February 2008 were presented, and it was noted that no significant changes in the star brightness were registered during the period of observations. Because of the short time period of observations, a trend toward a decrease in brightness was not detected.
Observations
We present photometric data acquired as part of our continued investigation of V733 Cep (SP08). The photometric BVRI data were collected from June 2008 to October 2009. Our observations were performed at two observatories with three telescopes: the 2-m Ritchey-Chretien-Coude and 50/70/172 cm Schmidt telescopes of the National Astronomical Observatory Rozhen (Bulgaria) and the 1.3-m Ritchey-Chretien telescope of the Skinakas Observatory 1 of the Institute of Astronomy, University of Crete (Greece). We used the ANDOR CCD camera with the 1.3-m RC telescope, the VersArray CCD camera with 2-m RCC telescope, and a SBIG ST11000 camera with the 50/70 cm Schmidt telescope. The technical parameters for the CCD cameras used, observational procedure, and data reduction process are described in SP08.
The standard stars used for comparison are of great importance to the correct magnitude estimation. In regions of star formation such as the Cepheus OB3 association, a great percentage of stars can be photometric variables. In SP08, we presented BVRI photometric data (Johnson-Cousins system) for fifteen stars in the vicinity of V733 Cep suitable for comparison. Using new photometric data we try to improve the BVRI magnitudes of the comparison stars and to eliminate possible low amplitude variable stars. Calibrations were made with the 1.3 m RC telescope during two clear nights in July and August 2009. Standard stars from Landolt (1992) were used as a reference. Table 1 observations. The photographic emulsion is a non-linear receiver and measured object need to be compared with stars of similar magnitude. We suspect that the stars C, F, and K from our list are possible variables of small amplitude and we advise observers to use these data with care.
The results of our photometric observations of V733 Cep are summarized in Table 2 . The columns indicate Julian date of observation, IRVB magnitudes, and telescope used. The typical instrumental errors from CCD photometry are in the range 0. 
Search for archival photographic observations and measurements of photographic plates
The construction of the historical light curves of FUor objects would be very important for the determination of the outburst mechanism. The only one possible way to study the long-term variability of PMS stars is the photographic plate archives. The search for archival observations of V733 Cep in the photographic plate collections all over the world was made using the WideField Plate Database (WFPDB) (Tsvetkov et al. 1997 ).
The WFPDB 2 contains (1) a catalogue of all known archives of wide-field (≥1
• ) plates and (2) a merged catalogue of widefield plates. Our search in the database was limited to clear telescope apertures ≥ 40 cm. The results of our detailed examination of the catalogue are summarized in Table 3 . We found 192 archival photographic observations in the plate collections of five telescopes. In addition, one of us (K. B.) found two plates obtained with the 80/120 cm Schmidt telescope and the 123 cm reflector of the Max-Planck-Institut für Astronomy, Heidelberg, at Calar Alto Observatory (the plate catalogues of this telescopes are still not included in the WFPDB). The first results from the plate archives of Asiago and Calar Alto observatories are reported in the present paper. The digitized plates from the Palomar Schmidt telescope, available via the website of the Space Telescope Science Institute, are also used. The plates obtained with the Kiso Schmidt telescope are presently inaccessible, because of technical problems with the scanning machine at the Kiso observatory. We hope to report results from this archival plate collection in a future study. 1976 -1987 Total 192 1894 -1993 The old plates from the archives of the 61-cm and 41-cm reflectors at the Harvard observatory were obtained using less sensitive emulsions and the plate limit is very low despite the long exposure times. According to our CCD observations the B magnitude of the star at maximum light does not exceeds 20 mag.
The star is seen just above the limit on the deep blue plates from the Second Palomar Schmidt telescope survey and we do not expect to detect V733 Cep on B/pg plates from telescopes with smaller aperture. The plates from Calar Alto Observatory were scanned at Max-Planck-Institut für Astronomy, Heidelberg with 2540 dpi resolution, which corresponds to 10×10 µm pixel size. Aperture photometry of the digitized plates from the Palomar Schmidt telescope was performed with DAOPHOT routines. The BVRI comparison sequence reported in the present paper was used as a reference.
The plates from Asiago Schmidt telescope are inspected visually using a high quality Carl Zeiss microscope, which offers a variety of magnifications (Munari et al. 2001) . The magnitude is then derived by comparing the stars in the photometric sequence with the variable, identifying those that match most closely the variable. If "a" and "b" were two stars in the sequence, by visual inspection we would estimate the quantities n1 and n2 that represent the fraction of the total a-b magnitude difference by which the variable V is fainter than "a" and brighter than "b", i.e. a -n1 -V -n2 -b. The magnitude of V follows from simple proportion. If more than one such pair were available, more estimates would be derived and weighted for the "a-b", "c-d" etc. mag interval. Typical estimated errors are of the order of 0.10 mag.
The results of estimating magnitudes of the archival photographic plates are summarized in Table 4 . In Fig. 2 , we plot the B, V, R, and I light curves for all available observations of V733 Cep. The filled triangles denote our CCD observations, the filled diamonds photographic data from the Asiago Schmidt telescope, the filled circles photographic data from the Palomar Schmidt telescope, the open diamonds photographic data from the Calar Alto Observatory, and the open triangle the CCD observation from the 2.2-m telescope in Mauna Kea, Hawaii. The arrow indicate the upper limit to the POSS-I red plate magnitude.
Results and discussion
Our photometric study confirms the affiliation of V733 Cep to the group of FUor objects. An outburst in optical light and a rise in brightness in the period 1971-1993 are well documented. During this period, the increase in brightness passed very slowly, and for 22 years the I-band magnitude increased by 2. m 1. It is currently impossible to determine the time of the beginning of the optical outburst due to a lack of observations for the period 1953-1971. The light curve of V733 Cep in the period of increase in brightness is similar to that observed for the FUor star V1515 Cyg, but the time of rise seems to be longer. During the period 1993-2004, V733 Cep probably reached its maximum brightness for which there are no published photometric observations. The amplitude of the observed outburst of V733 Cep exceeds 4. m 5 (R).
Our CCD photometric data (SP08 and the present paper) imply that from February 2007 to October 2009, a slow decrease in brightness of V733 Cep was observed (Fig. 1) . The observational data infer that the star decreased in brightness in I band by 0.
m 15 per year, and in V-band by 0.
m 23 per year. Another important result from our photometric study is the variation in color indices with stellar brightness. In Fig. 3 , we plot the measured color index V − I versus stellar magnitude V during the period of our observations. A clear dependence can be seen in the period of set in brightness: the star becomes redder as it fades. According to Hartmann & Kenyon (1996) , this color evolution is observed in the case of FUor stars that have a relatively fast set in brightness (V1057 Cyg). The explanation of the observed photometric color evolution is that the spectral type of V1057 Cyg changes from early A-type near maximum light (Herbig 1977) to middle G-type at the present (Herbig 2009 ). In spite of this, FUor objects that experience a very slow decrease in brightness (V1515 Cyg) do not exhibit this color evolution (Clarke et al. 2005) .
The decrease in brightness of V733 Cep proceeds irregularly, as periods of short drops in brightness are observed. A typical example of this drop in brightness is observed during June-July 2009 (decrease by 0. m 4 (I) and return to its previous level) (Fig. 1) . During the period of set in brightness, the change in the photometric activity seems to be typical of FUor objects. A strong decrease in brightness by about 1. m 5 (B) in a few months was registered in the light curve of V1515 Cyg (Clark et al. 2005) . This minimum in brightness was attributed to obscuration caused by dust material ejected from the star (Kenyon et al. 1991) . Evidence of strong light variability at the time of set in brightness (∆V=1.
m 2) were reported in the photometric study of another FUor object -V1735 Cyg (Peneva et al. 2009 ). In 2004, the measured relatively faint red magnitude for V733 Cep (Reipurth et al. 2007 ) can be attributed similarly to variable obscuration by dust material.
The photometric data that has been collected to date for V733 Cep are insufficient to separate the effects of two suspected causes of reddening: the change in the spectral type and obscuration by a dust material. The observed variations in the VRI magnitudes during the three years of photometric monitoring are only a few tenths. To understand why the star reddened during the fading period, we plan to acquire new photometric and spectral observations.
The shape of observed light curves of FUors may vary considerably from object to object. While the time of rise for FU Ori and V1057 Cyg is approximately 1 year, it is considerably longer for V1515 Cyg (∼ 25 years). The rate of decrease in brightness is also correspondingly different: while the brightness of V1057 Cyg reaches the pre-outburst level after ∼ 30 years, the decrease in brightness of FU Ori, V1735 Cyg, and V1515 Cyg proceeds much more slowly. The available photometric data for V733 Cep are insufficient at present to determine precisely the amplitude of outburst and the time of rise to the maximum brightness. Our conclusion is that the light curve of V733 Cep during the period of rise in brightness is more similar to the light curve of V1515 Cyg, and during the period of set in brightness is far more similar to the light curve of V1057 Cyg. Therefore, V733 Cep is probably the first FUor object with approximately symmetrical light curve (the time of rise is similar of the time of setting in brightness).
Because only a small number of objects have been classified as FUors, their classification is very difficult. In some cases, stars originally classified as FUors in detailed spectral and photometric studies were identified as variables of other types. An example is V1184 Tau (CB 34V), which was initially considered to be a FUor, but is now more likely to be a star of UX Ori type (Barsunova et al. 2006 ). According to Grinin et al. (2009) , these two types of PMS variability (FUor and UX Ori) can be observed for the same object in different periods of time. Photometric data accumulated over time provides an opportunity to say that the variability of V733 Cep is from FUor type.
Conclusions
The analysis of the available photometric data has allowed us to precisely classify V733 Cep as a FUor variable. The longtime light curve of the star is similar to the light curves of others FUor objects. The observed photometric variations in the period of fading are also typical of some FUor stars. The time of rise in brightness and the star magnitude in the maximum light remain unclear. Therefore, the collection of new photometric data (from photographic plate archives and from ongoing photomet- 
